A {Cu 4 (μ 3 -OH) 4 } compound, where four copper(II) and four μ 3 -bridging oxygen atoms occupy alternate corners of a slightly distorted cube, has been prepared and structurally characterized. This species, formulated as [Cu 4 (μ 3 -OH) 4 
Introduction
Polynuclear transition-metal complexes have received much attention in the recent past due to their magnetic potentialities 1 and their ability to mimic metalloprotein active sites. 2 In particular, M 4 X 4 cubane clusters (where M = Cu, Ni, Co, Fe, Mn, Mo; X = O, S) 3 have been widely studied for their application as single molecule magnets (SMMs), 4 in bioinorganic chemistry 5 or in catalysis. 6 Focusing the discussion on copper(II) high-nuclearity systems, they showed interesting magnetostructural properties relevant to the field of multinuclear copper oxidases 7 and especially to molecular magnetism. 8 In the case of Cu 4 O 4 systems, the Cu II -O-Cu II angle has been identified as being responsible for magnetic exchange, together with the out-of-plane angle of the substituents of the bridging oxygens. 9 Although numerous alkoxo-bridged Cu 4 O 4 (O = OR) systems are known, 10 fewer examples of cubane compounds having a Cu 4 (OH) 4 core have been structurally characterized. 11 These species have been prepared either starting from a copper(II) salt or by aerobic oxidation of a Cu(I) precursor and in most cases the coordination sphere of copper(II) was completed by bi-or tridentate ligands. Actually, there are a very limited number of examples where the Cu 4 (OH) 4 core is stabilized by mondentate ancillary ligands. 11a,e,l,n,12 In the past, we widely explored the coordination chemistry of nitrogen-based multidentate ligands, 13 with special attention to pyrazole and its analogues (imidazole and triazole) both in their neutral 14 and anionic azolate forms. 15 The corresponding transition-metal complexes have found applications in catalysis, material science or in the synthesis of polynuclear systems. Continuing the investigation on pyrazole systems, herein we report the preparation of a copper(II) polynuclear compound with a cubane skeleton bearing 3,4,5-1H-trimethyl pyrazole (Htmpz) as an ancillary ligand. The latter is coordinated to copper in a monodentate fashion via its pyridine-like nitrogen atom. The synthesis and structural characterization of the title compound, [Cu 4 (μ 3 -OH) 4 (Htmpz) 8 ]-(ClO 4 ) 4 ·1.5Et 2 O (3·1.5Et 2 O) and its precursors, [Cu(Htmpz) 4 -(ClO 4 ) 2 ] (1) and )(Htmpz) 2 (ClO 4 )] 2 (2), are described. In our opinion, the reactions discussed here represent a nice example of the Goldilocks principle applied to coordination chemistry: actually, like in the fairy tale of Goldilocks and the Three Bears, 16 the solvent (methanol), the counteranion (ClO 4 − ) and the ancillary ligand (Htmpz) each possesses "just right" properties (i.e., perchlorate showing a semi-bonding coordination, neither too strongly nor too poorly coordinated to Cu II ) to generate complexes 1-3. The effects of the Goldilocks principle operating here are detailed in the text.
Results and discussion

Syntheses of complexes
The reaction of [Cu(ClO 4 
Infrared and electronic spectra
Together with the expected broad band at about 1100 cm Scheme 2 Formation of )(Htmpz) 2 (ClO 4 )] 2 (2) in the reaction of (1) with methanol.
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assigned to ν OH of the triply-bridged hydroxyl groups. The latter are involved in weak O-H⋯O ( perchlorato) contacts (see the crystal structure description below) and the ν OH recorded for cubane 3·1.5Et 2 O appears at higher wavenumbers with respect to other previously reported systems.
8d
The electronic spectra of complexes 2 and 3 recorded in dichloromethane display a single unstructured absorption band at 579 (2) and 566 nm (3) typical of copper(II) centers. 18 
Crystal structures
Selected bond distances and angles for [Cu(Htmpz) 4 ( ClO 4 ) 2 ] (1), Compound )(Htmpz) 2 (ClO 4 )] 2 (2) crystallized in the centrosymmetric space group P1, and each copper centre is in a N 2 O 3 environment identified by two nitrogen atoms of two adjacent Htmpz ligands, two oxygens of the bridging methoxo groups and one oxygen of the perchlorato counteranion, the latter with a Cu-O length in the semi-bonding range (Cu-O = 2.657(6) Å) (Fig. 2) . The geometry around each metal centre can be classified as a Jahn-Teller-distorted square pyramidal geometry, as suggested by their value of the trigonality index (τ = 0.14). 22 
86.49(2) Finally, out-of-plane angles of the methyl in bridging methoxo groups is 32.54°(see Fig. S7 , ESI †). Compound 3 represents the fifth example of a structurally characterized copper(II) tetranuclear compound where the {Cu 4 (μ 3 -OH) 4 } single-core is stabilized by monodentate ancillary ligands (Htmpz).
11a,e,l,n The four copper atoms and the four oxygens of the bridging hydroxo groups in 3 occupy alternate corners of a slightly distorted cube (Fig. 3) (Fig. 4) . Within the dimers, the Cu-O-Cu angles range from 101.5(2)°to 102.8(2)°, whereas the O-Cu-O span ranges from 77.5(2)°to 78.0(2)°. Hatfield described a correlation between Cu-O-Cu angles and the magnetic properties of μ-hydroxo bridged dinuclear compounds, 26 
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Fig. S10-S12, ESI †), thus confirming somehow the existence of antiferromagnetic coupling between the copper(II) centres in these complexes. This coupling is maintained in a wide range of temperatures, as illustrated by low temperature NMR experiments performed on the two samples (down to −60°C, ESI †).
Mechanism of hydrolysis of 2
Moreover, the structural analysis reveals a noticeable analogy of bond distances and angles in the (Cu 
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apical ClO 4 − coordination, thus ultimately favoring the association of dimers into the cubane. In the present case, a lesser amount of water (<2% vol.) was needed to perform hydrolysis of the methoxo bridges, and the semi-bonding apical coordination of ClO 4 − is fundamental to obtain the cubane (vide infra).
The hydrolysis of 2 was also performed in a coordinating solvent, namely acetonitrile or benzonitrile, aiming at stabilizing an intermediate species. The methoxo [Cu(Htmpz) 2 -(μ-OCH 3 )(ClO 4 )] 2 complex, when stirred at room temperature for 6 h in CH 3 CN or PhCN, in the presence of water converts into a dark green compound, postulated as [Cu(μ-OH)-(Htmpz) 2 (ClO 4 )] 2 ·RCN (R = CH 3 , 5; R = Ph, 6) according to elemental analyses and infrared evidence (Scheme 3, step c).
In the IR spectrum of compounds 5 and 6 (Fig. S13, ESI † The weak stretching at about 2265 cm −1 indicates the presence of RCN in the molecular structure of 5 and 6, which stabilizes the dinuclear system. Actually, when compounds 5 or 6 are stirred at room temperature in dry CH 2 Cl 2 for a few minutes, a change in the color of the solution from dark green to light green is observed (Scheme 3, step d). Again, the spectroscopic and analytical features of the product isolated after exposure to diethylether vapors were identical to those of cubane 3·1.5Et 2 O. Then, we suppose that the CH 3 CN (or PhCN) molecule in 5 (or 6) is easily lost in CH 2 Cl 2 solution, leaving the [Cu(μ-OH)(Htmpz) 2 (ClO 4 )] 2 (4) dinuclear system which readily undergoes self-assembly into 3. Unfortunately, this prompt loss of RCN from 5 or 6 in solution prevented the growth of single crystals of [Cu(Htmpz) 2 (μ-OH)(ClO 4 )] 2 ·RCN and all attempts resulted in the isolation of light-blue crystals of cubane [Cu 4 (μ 3 -ΟH) 4 (Htmpz) 8 ](ClO 4 ) 4 ·1.5Et 2 O.
The Goldilocks principle leading to 3
As discussed above, the hydrolysis reaction of complex 2 plays a matchless role in the genesis of cubane 3. Hence, we decided to better explore the formation of the crucial methoxo-bridged species. Initially, to check the possibility to obtain a dinuclear Cu II -(OR) 2 -Cu II system employing a different alcohol (R = Et, i Pr) we treated compound [Cu(Htmpz) 4 (ClO 4 ) 2 ] (1) with ethanol or propan-2-ol. Even after a prolonged stirring, no reaction takes place and the violet compound 1 is wholly recovered after removal of the solvent, without showing formation of an alkoxobridged compound. Yet, as predictable, performing the same reaction in water does not lead to the title cubane, and again [Cu(Htmpz) 4 (ClO 4 ) 2 ] is isolated as the only product. Then, we first assume that methanol exclusively leads to the formation of the desired alkoxo-bridged dinuclear intermediate.
This may be due to the "just right" acidity of methanol, which is neither "too acid" (as water) nor "too poorly acid" (like ethanol or propan-2-ol). 27 Moreover, also the right steric hindrance of methanol allows it to take part in the pathway proposed in Scheme 4. We postulate that methanol is first involved in a H⋯O interaction with a perchlorate anion, and then, after dissociation of Although it is quite unusual to see methanol protonate ClO 4 − , we believe that this equilibrium is favored by two factors: (i) the poor solubility of compound 2, which precipitates off, thus progressively moving the final step forward and consequently the whole system towards the formation of 2, and (ii) the assistance of Htmpz that, after dissociation, is however in close proximity to the coordination sphere of the copper centre and favors the final proton transfer. In this process, also ClO 4 − plays a key role. To prove this, we prepared [Cu(Htmpz) 
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Indeed, when the more sterically crowded 3,5-di-tert-butyl-1H-pyrazole or the more acidic 3,5-dimethyl-4-nitro-1H-pyrazole are employed in the reaction, the stability of the methoxobridged compound markedly drops and neither isolation of this intermediate nor the formation of cubane species occurred. Additional experiments using 3,5-dimethyl-1H-pyrazole (Hdmpz), which has similar steric hindrance and basicity properties with respect to Htmpz, 28 (9) in good yields, as established by analytical and spectroscopic data. In particular, in the infrared spectrum of 9 (in hexachlorobutadiene), a sharp band at 2819 cm −1 can be undoubtedly assigned to the C-H stretching mode of the methoxo groups (Fig. S14, Such a dissimilar behavior between Htmpz and Hdmpz has to be searched in the only difference between them: the methyl substituent in position 4 of the heterocyclic ring. The single-crystal X-ray structure analysis of )-(Htmpz) 2 (ClO 4 )] 2 shows that the hydrogen atoms of the methyl groups of the pyrazole ligands are involved in numerous C-H⋯O contacts with neighboring perchlorate anions (Fig. 5) . In solution, these weak (but strong enough) interactions may persist for a time sufficiently long to maintain two transient dinuclear {Cu(μ-OH)(Htmpz) 2 (ClO 4 )} 2 units close enough to favor the self-assembly to the cubane moiety.
A similar behavior was reported by Shultz and coauthors, 16c who showed how C-H⋯O lattice hydrogen bonding strongly influences the magnetic properties of cobalt(II) dioxolene compounds. In our case, in Hdmpz, the lack of the 4-CH 3 substituent hampers these C-H⋯O contacts, ultimately preventing the self-assembly of two dinuclear hydroxo units. These convert partly into octahedral [Cu(Hdmpz) Dalton Transactions Paper
